INTRODUCTION
A linear relationship between heterozygosity and hybrid vigour (heterosis) for various traits, such as growth rate, productivity, and reproductive performance has been recognized by plant and animal breeders (Neal, 1935; East, 1936; Sentz eta!., 1954; Rowe and Cockerham, 1963; Sheridan, 1981) . In plants, heterosis is expressed throughout the life cycle, ranging from traits such as rate of germination to yield and biomass, and their components (Sinha and Khanna, 1976, and references therein) . Heterosis is known to provide greater resilience to environmental perturbations (Maynard Smith et a!., 1955; Lewontin, 1956) , and the combined biological properties of heterotic individuals have been termed genetic homeostasis (Lerner, 1954) . Following the results of plant and animal breeders, several workers have argued that allozyme heterozygosity may also be used as a predictive index of both quantitative traits and genetic homeostasis (Mitton, 1983; Mitton and Grant, 1984) .
In plant breeding studies, homeostasis is frequently estimated using phenotypic stability * Present address: Department of Forestry, University of Kentucky, Lexington, KY 40546, U.S.A. models (Eberhart and Russell, 1966; Hanson, 1970; Freeman, 1973) . These models assume that the most stable genotype will show the least variance in a particular quantitative trait across environments. With this assumption, stability is measured in terms of regression (stability index or "b' value) of a quantitative trait of a given genotype in different environments on the respective means of all genotypes. These analyses, in general, have shown a linear and tripartite relationship among heterozygosity, productivity, and stability (Adams and Shank, 1959; Allard, 1961; Pfahler, 1966) . Therefore, plant breeders have termed phenotypic stability as equivalent and commutative to the concept of genetic homeostasis (Becker, 1981) . In studies dealing with biochemical genetic variation, genotypes are often defined in terms of allozymes, because they are closer approximates of the genotype (Ayala, 1976) , and their expression, unlike quantitative characters, is less susceptible to environmental influences. Furthermore, a positive relationship between low variance and low asymmetry for phenotypic traits and high allozyme heterozygosity has been reported (Soule, 1979; Mitton, 1978; Eanes, 1981) .
Similarly, a positive correlation (095 to 0.99) between variances and stability (b) values has been reported for corn, barley and oats (Becker, 1981) .
Clearly, the approaches used toward understanding the nature of homeostasis are fundamentally identical both in plant breeding and in allozyme studies. Therefore, it could he argued that stability analysis may be extended to examine the relationships among growth rate, allozyme heterozygosity, and homeostasis.
The specific objectives of this study are: (a) to understand the relationship between phenotypic stability (homeostasis) and allozyme heterozygosity, and (b) to study the relationship between allozyme heterozygosity and rate of germination under varying degree of environmental stresses.
Data on the relationship between allozyme heterozygosity and growth rate under stressed conditions are rare (Mitton and Grant, 1984) . The rate of germination of seeds is a genetically controlled trait (Whittington, 1973) , and the heterosis expressed at the time of germination influences the subsequent development and growth of plants (Ashby, 1937; Hayes et a!., 1955) . Therefore, an analysis of the relationship between genetic variation, and stability of germinating seeds under controlled conditions would be useful as a predictive model to understand the genotypic response to environmental stresses. MATERIAL 
AND METHODS
The seed material used in this study consisted of 51 open-pollinated families of jack pine (Pinus banksiana Lamb.). Thirty five of these families originated from a single stand near Bruderheim in central Alberta, and the rest were obtained through the courtesy of Dr J. Klein of the Northern Forest Research Centre, Edmonton, Alberta. The experiment was laid out in a randomised block design with nine treatments (environmental stresses) and three replications, and was carried out in spring 1983. Four sets of environmental stresses were included in the study. They are (1) control (deionised water), (2) salinity (sodium chloride; -114, -229, -343 bars), (3) radiation (15, 3'O, 45 KR), and (4) heavy metal (12.5 ppm copper sulphate, and 25 ppm zinc sulphate). Although all of these stresses may affect the growth and evolution of many of the species in the genus Pinus, only water stress (set 2) may be relatively more important as a stress factor in the distribution range of jack pine. The species typically grows on poor, dry, sandy and acidic soils to fertile loamy soils (Harlow and Harrar, 1969) . The control was also considered as one of the stress factors, and the levels of stresses used were arbitrary.
Ten seeds from each family were placed in 9 x 1 cm petri dishes on Whatman No. 1 filter paper, and each petri dish was considered as one replication. Filter papers in the petri dishes were moistened once every three days with 5 ml of the appropriate solution, from the day of sowing. The seeds were allowed to germinate for 12 days under greenhouse conditions. Ninety eight to 100 per cent germination was found in the families examined; ungerminated seeds were excluded from the study. Data were recorded on five randomly chosen radicles from each family and each replication. The length of radicle is a metric trait, and therefore it was considered to be governed by polygenic inheritance.
Average amount of heterozygosity (H; Ayala, 1976) per family was determined by horizontal starch-gel electrophoresis of tissue extracts from seven elongating radicles of week-old germinating seeds. Sixteen enzyme systems encoded by 22 loci were analyzed. The loci studied were: ACP-1; ACO; AK; ADH; AAT-1,2,3; DTA-1; FLE; GDH; G2DH; G6PD; IDH; MDH-1,2,3; ME; PGI-1,2; PGM; and 6PGD-1,2. It was assumed that allozyme heterozygosity in elongating radicles represented the genetic variation of each family for the systems examined (Govindaraju and Dancik, 1986) . Means, standard errors, and pooled analysis of variance were calculated using the SPSS package (Nei et a!., 1975) . Stability analysis (Eberhart and Russell, 1965) was carried out according to the following model:
where, Y, = the mean radicle length of the ith family in jth environment, j., = the mean of ith family over all environments, f3, =the regression coefficient that measures the response of the ith family to varying environments, = the deviation from regression of the ith family in jth environment, and I, = (( Y,/v)
is the mean of all families in the jth environment minus the grand mean; v are families tested in n environments. This is one of the most frequently used models to measure biological stability in crop plants (Becker, 1981) . The Spearman rank correlation (r) was used to evaluate the following relationship: (i) phenotypic stability (b) values with mean radicle length, as well as average heterozygosity of the respective family, and (ii) average heterozygosity with mean radicle length in each of the nine environments for the families studied.
RESULTS AND DISCUSSION
Significant variation among families, as well as environments was found for radicle length (table 1), suggesting that families show differential responses to environmental stresses. Average heterozygosity ranged from 9 to 36 per cent (Mean=20.84; S.D.=7.28). The mean length of radicles was higher under controlled conditions (environment 1) as expected, than in any other environments, and decreased with the magnitude of stress (table 2). Significant positive relationships between allozyme heterozygosity and mean radicle length were found only in relatively highly stressed environments.
Positively significant correlations between growth rate and heterozygosity in our study, specifically under highly stressed environmental conditions, suggest that the environmental may play an important role in determining the intensity of the expression of allozyme heterozygosity (heterosis). The largest degree of heterosis for morphological traits has been found under severe stresses in maize (McWilliam and Griffing, 1965) , tobacco (Pederson, 1968) , and Drosophila pseudoobscura (Parsons, 1971) . Barlow (1981) reviewed several examples of the expression of heterosis from various plant and animal breeding experiments and concluded that, "heterosis by environment interaction is the expectation rather than the exception ".
The correlation between phenotypic stability (b) and mean radicle length was significant (r = 0530; fig. 1 ), but not between heterozygosity and phenotypic stability (r=0004; fig. 2 ). The association between phenotypic stability and growth rate of radicles is in agreement with previous findings (Knight, 1970) . On the other hand, our study showed no apparent relationship between allozyme heterozygosity and stability, although the relationship between heterozygosity and growth rate was specific to stressed conditions. While stability is a genetically controlled trait Figure 1 Association between phenotypic stability (b) and mean radicle length. (Mather, 1953) , the relationship between stability and productivity is not universal (Hardwick, 1981) ; individual families show either general or specific environmental sensitivities (Connolly and Jinks, 1975) . Therefore, it is likely that the expression of allozyme heterozygosity may be partly governed by the environment, which is in accordance with Griffing and Zsiros (1971) , who indicated that heterosis may not be "entirely the result of genetic stimuli but the result of the interaction between genetic and environmental stimuli".
While several studies show a positive relationship between multi-locus allozyme heterozygosity and quantitative traits such as growth rate or fertility or both (Knowles and Mitton, 1980; Mitton and Grant, 1980; Garton et a!., 1984) , examples of inconsistent relationship between these two attributes are equally common (Hauptli and Jam, 1980; Nevo et al., 1982; Giles, 1984; Chakraborty et a!., 1986; McAndrew et aL, 1986; Price et al., 1986 ). The inconsistent relationship between allozyme heterozygosity and growth rate across environments, in this study, could be due to large variations in the estimates of heterozygosities rather than low correlation with the quantitative character (Archie, 1985) . Alternatively, these variables may be governed by different sets of genes (Mukai and Cockerham, 1977; Maclntyre, 1982) . Also, polygenic variation is typically controlled by additive and non-additive genetic factors (Falconer, 1981) , and the loci responsible for additive genetic variance (variation in growth rate) are different from those of polymorphic protein (Tachida and Mukai, 1985) . There have been many attempts to use allozyme variation as predictive indices of morphological traits in various plants (Tanksley et a!., 1982, and see also Tanksley and Orton, 1983) . Recently, Mitton and Grant (1984) have advanced several justifications in favour of using allozyme heterozygosity as a predictor of productivity and homeostasis in plant and animal systems. Our results, however, show that the use of allozyme hetero- 
